High-vacuum condenser tank for ion rocket tests  Patent by Childs, J. H. & Mickelsen, W. R.
Nov. 13, 1962 J. H. ~~1~~~ 3,063,291 
HIGH-VACUUM CONDENSER TANK FOR I O N  ROCI<ET TESTS 
Filed Sept. 24, 1959 
ua 
N 
N 
'N 
WENTORS 
J. HOWARD CHILDS 
WILLIAM R. MICKELSEN 
ORNEY 
2 (NASA CR OR TMX OR AD NUMBER) 
https://ntrs.nasa.gov/search.jsp?R=19700023967 2020-03-17T01:35:35+00:00Z
3,063,291 nited States Patented Nov. 13, 1962 
P 
c 
1 
3,063,291 
ION ROCKET TesTs 
James Howard Childs, Olmsfed Falls, 
1wckelsen, North Otmsted, Ohio, 
United States of America aa represented by the Ad*- 
Istrator of Natlonal Aemnanties and Smce A d m b  
HIGH-VACUUM CONDENSER TANK Fow 
htion ~- 
FUed Sept. 24, 1959, Ser. No. 842,170 
4 Claims. (GI. 73-116) 
(Granted nnder Title 35, US. Code (1%2), see 266) 
The invention described herein may be manufactured 
and used by or for the Government of the United States 
of America for governmental purposes without the pay- 
ment of any royatities thereon or therefor 
The present invention relates to an ion rocket test 
facility, and more particularly, to a vacuum tank for test- 
ing ion rockets at pressures of IO-? d i e t e r s  of mercury 
and below. 
In the testing of small scale ion rockets, large vacuum 
tanks are required with ample space for installing the nec- 
essary instrumentation to study beam spreading rates 
and exit space charge effects. Tank pressures below 10-7 
mm. of mercury are desired to minimize gas focusing of 
the ion beam. It the tank pressures are much above 10-7 
mm. of mercury, collisions between the high velocity ions 
and neutral molecules will result in considerable sec- 
ondary ions and electrons. As the beam is positively 
charged, the low energy secondary ions will be forced 
away from the beam, whereas the secondary electrw 
will be drawn into the beam to help in neutralizing it. 
The secondary electrons thus affect the external space 
charge and this, in turn, can affect internal engine per- 
formance. Low tar& pressures are therefore deemed 
essential for any realistic experimental evaluation of en- 
gine performance. Initial evacuation of the tank to the 
required pressure can be accomplished by oil diffusion 
pumps or other suitable vacuum pumps; however. an 
excess number of such pumps-move than fifty 32-inch,oil 
diffusion pumps-would be required to maintain the re- 
quired pressure during ion rocket operation. 
An object of this invention i s  the provision of a com- 
pact low-cost facility for the testing of ion rockets. 
Another object of the instant invention is the provision 
of an ion rocket test facility wherein pressures of the order 
of 10-7 mm. of mercury can be maintained with a mini- 
mum number of oil diffusion pumps to maintain the re- 
quired pressure. 
An additional object of the invention in an ion rocket 
test facility wherein cooled condenser baffles are em- 
ployed to freeze the ion rocket exhaust and thereby 
obviate the need for pumping it. 
Other objects and many attendant advantages of the 
present invention will be apparent in the following de- 
tailing description when taken together with the accom- 
panying lines in which the figure is a partially sectional 
pictorial view of the ion rocket test facility. 
The test facility 11 comprises a cylindrical tank 25 which 
has one hinged (not shown) end 26 to facilitate an easy 
accessibility to the inside. The tank is kept under vacuum 
conditions by means of two suitable vacuum pumps 22 
which are preferably oil di&lsioo pumps. On the outside 
of the tank 25 are mounted an ion rocket engine housing 
18 and a conventional high vacuum-type valve 17. The 
ion rocket 12 is attached to a push rod 21 which extends 
through the valve 17 and rocket engine housing 18 to 
facilitate the removal of the ion rocket 12 from the in- 
side of the tank to the engine housing 18. By means of 
the valve 17 and housing 18, the test rocket 12 may be 
easily removed from the inside of the test tank chamber 
25, either to ,be worked on or modified in the course 
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of expedmentation without having to lose the vaccum 
that has been developed inside the tanfr 25. The hous- 
ing 18 may be kept under a vacuum by means of the lead 
119 which goes to OM of the vacuum pumps 22. 
When the rocket 12 being tested, Mgh velocity ions 
and plasma are emitted and travel the length of the tank 
25 and strilre a target 24 at the opposite end.. The target 
24 serves to scatter the ions and plasma so that they re- 
bound among the cooled baffles 16. The cooled baffles 
16 extend radially outward from an inner ring 29 and are 
aooled by a series of coils 15. The coolant enters an 
inlet pipe 13 and traverses the length of the bMes 16 
through a header 32. The cooling coils 15 intersect the 
header 32 and carry the coolant around the coil 15 to an 
outlet header 31. the coolant leaving the facility 11 
through an outlet 14. The entire ba& and cooling coil 
arrangement is enclosed by a casing 27. The cooled 
baffles extend to a point adjacent a cooled bulkhead 23 
to adjacent the target end of the tank. The cooled bulk- 
head 23 is the same diameter as the inside of the tank 
25 and has an opening in the center 28 corresponding 
to the size of the inner ring 29 upon which the blades 
16 are mounted. A lead pipe 33 a w e s  to direct the 
&ant to tbe bulkhead 23. 
Target 24 is preferably wedge-shaped and is usually 
composed sf a series of water-cooled pipes (not shown); 
the coolant entering from the rear of the tank 25 through 
an inlet 34. The baffles are preferably cooled using liquid 
nitrogen as the coolant therefor. 
Obvipusfy, many modifications and variations of the 
present invention are possible in the light of the above 
teachings. It is, therefore, to be understood that within 
the scope of the appended claims the invention may be 
practiced, otherwise it is specifically described. 
1. Apparatus for testing an ion rocket engine having 
ions and plasma in the exhaust thereof, said apparatus 
comprising in combination: a tank having means for 
securing an ion rocket to one end therof, means for provid- 
ing a vacuum for said tank, a plurality of cooled baffles 
disposed in said tank, said baffies being arranged so as to 
provide an unobstructed area from one end of said tank 
to the other end, a target mounted within said tank ad- 
jacent to one end thereof, .md a surface on said target 
being angularly disposed to the ion engine exhaust to 
scatter the ions and plasma ~ n t o  said baffles. 
2. An ion rocket test facility comprising in combina- 
tion: a tank having means for securing an ion rocket 
adjacent to one end of said tank, means for providing it 
vacuum for said tank, a plurality of cooled baffles longi- 
tudinally disposed in said tank, said baffles being arranged 
so as to provide an unobstructed area from one end of said 
tank to the other end, a cooled target mounted adjacent 
to the other end of said tank, said target being constructed 
so that the surface thereof reflects the ion engine exhaust 
into said cooled baffles. 
3. Apparatus for testing an ion rocket engine having 
ions and plasma in the exhaust thereof, said apparatus 
comprising in combination: a tank having means for 
securing an ion rocket engine adjacent one end of said 
tank, means for providing a vacuum for said tank, a ring 
member situated concentrically within said tank, a plurality 
of cooled baffles longitudinally disposed in spatial relation- 
ship within said tank, said baffles radially extending from 
said ring member, a cooled target mounted adjacent to the 
other end of said tank, and a surface on said target being 
angularly disposed to the ion rocket engine exhaust to 
scatter the ions and plasma into said baffles. 
4. Apparatus for testing an ion rocket engine having 
ions and plasma in the exhaust thereof, said apparatus 
comprising in combination: a tank having means for con- 
a g  an ion rocket engine adjacent to one end of said 
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tank, means for providing a vacuum for said tank, an ion 
rocket engine housing mounted externally on said end of 
said tank, a high vacuum valve mounted externally be- 
tween said housing and said end of said tank whereby 
said ion rocket can be removed from said tank to said 
housing while maintaining vacuum conditions in said 
tank, a ring member situated within said tank, a plurality 
of cryogenically cooled b d e s  disposed in spatial rela- 
tionship within said tank, said bafiles radially extending 
from said ring member, a water cooled target mounted 
adjacent to the other end of said tank, and a surface on 
6 
10 
4 
said target being angularly disposed to the ion rocket 
engine exhaust to scatter the ions and plasma into said 
baffles. 
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